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DECAY  IN  TOPS  KILLED  BY  DOUGLAS-FIR  TUSSOCK 
MOTH  IN  THE  BLUE  MOUNTAINS 


Reference  Abstract 

Aho ,  Paul  E . ,  Boyd  E .  Wickman ,  and  Lee  Roe . 

1979.    Decay  in  tops  killed  by  Douglas-fir  tussock  moth  in  the  Blue 
Mountains.    USDA  For.  Serv.  Res.  Pap.  PNW-250,   22  p.,  illus. 
Pacific  Northwest  Forest  and  Range  Experiment  Station,  Portland, 
Oregon . 

Incidence  of  infection  by  fungi  and  decay  loss  was  negligible  in 
Douglas-firs  with  tops  killed  by  tussock  moth  or  bark  beetle  attack. 
Regardless  of  the  cause  of  top-kill,  both  the  percentage  of  grand  firs 
infected  and  the  associated  decay  volumes  significantly  increased  with 
increasing  basal  diameter  of  dead  tops.    Severity  of  decay  was  not  related 
to  age  of  top  damage.    Decay  was  most  severe  when  both  bark  beetles  and 
wood  borers  attacked  dead  tops. 

KEYWORDS:    Decay  (wood),  insect  damage  (-forest,  top-kill,  defect 
indicators  (wood  quality),  Douglas-fir  tussock  moth, 
Orgy ia  pseudotsugata. 

RESEARCH  SUMMARY 
Research  Paper  PNW-250 
1979 

Douglas-firs  and  grand  firs  which  were  top-killed  during  tussock  moth 
infestations  approximately  4,  10,  and  28  years  ago  were  examined  for  inci- 
dence and  extent  of  stem  decay.    Only  18  Douglas-firs  with  killed  tops  were 
found.    Of  14  Douglas -firs  with  dead  tops  attributed  to  the  tussock  moth, 
only  one  top  was  infected  and  decay  loss  was  small. 

Of  149  grand  firs  studied,  92  were  considered  to  be  top-killed  as  a 
result  of  defoliation  by  the  tussock  moth  or  associated  attack  by  bark 
beetles,  mainly  Soolytus  ventralis .    Bark  beetles  were  the  main  cause  of 
top-kill  not  related  to  tussock  moth  damage.    The  same  factors  influenced 
incidence  and  extent  of  decay  associated  with  top-kills  caused  by  either 
tussock  moth  defoliation  or  other  agents.    They  include  diameter  at  the 
base  of  dead  tops  and  presence  of  secondary  insect  attack.    Severity  of 
decay  was  not  related  to  years  since  top-kill- -most  likely  because  salvage 
logging  and  bark  beetle  attacks  removed  the  most  defective  trees  from  the 
oldest  infestation  areas.    Regardless  of  the  cause  of  top-kill,  both  the 
percentage  of  grand  firs  infected  and  the  associated  decay  volumes  increased 
with  increasing  basal  diameter  of  dead  tops.    The  incidence  of  infection 


and  amount  of  decay  were  lowest  in  tops  killed  by  defoliation  only.    In  all 
study  areas,  decay  was  most  severe  when  both  bark  beetles  and  wood  borers 
attacked  dead  tops. 

Unidentified  fungi  caused  85  percent  of  all  decay  columns  and  76  per- 
cent of  the  total  cubic  decay  volume  associated  with  tops  killed  by  all 
causes.    Imperfect  fungi  and  bacteria  or  yeasts,  possibly  associated  with 
beetle  attacks,  were  mainly  isolated  from  decay  columns  caused  by  unidenti- 
fied hymenomycetous  fungi.    Amylostereum  ohailletii,  Fonritopsis  pinioola, 
Eohinodontium  tinotorium ,  Ph.oli.ota  sp.  ,  and  Stevewm  sanguinolentum  were 
isolated  from  decays  associated  with  killed  tops. 

Two  methods  are  given  for  making  defect  deductions  for  grand  firs  with 
tops  killed  by  the  tussock  moth  or  other  agents .    Defect  percentages  of 
gross  merchantable  Scribner  board- foot  and  cubic- foot  volumes  and  average 
decay  extent  below  the  base  of  dead  tops  are  tabulated  by  age  and  basal 
diameter  of  dead  tops.    Statistical  tests  indicate  that  these  estimating 
methods  may  result  in  low  accuracy,  thus  they  should  be  used  only  as  general 
guidelines  by  timber  cruisers  in  the  Blue  Mountains. 


Introduction 


During  the  period  1971-74,  the  Douglas-fir  tussock  moth  {Orgyia 
pseudotsugata  McDonnough)  extensively  damaged  timber  on  more  than  800,000 
acres  in  Oregon,  Washington,  and  Idaho  (Graham  et  al.  1975).  Extensive 
top-killing  of  Douglas -fir  {Pseudotsuga  menziesii  var.  glauca  (Beissn.) 
Franco)  and  grand  fir  {Abies  gvandis  (Dougl.)  Lindl.)  occurred  on  292,000 
acres  of  moderately  damaged  timber,  and  some  top-kill  was  scattered  through 
419,000  acres  of  lightly  damaged  stands  (Graham  et  al.  1975,  Wickman  1978). 
Decay  entering  through  killed  tops  may  increase  timber  loss  following  tus- 
sock moth  infestation.    Forest  managers  need  to  know  the  progress  of  decay 
to  plan  utilization  of  trees  damaged  by  defoliation.    This  information  is 
presently  unavailable  for  grand  fir  and  Douglas -fir  in  the  Blue  Mountains 
of  eastern  Oregon  and  Washington. 

Although  "wetwood"  was  common  (Wickman  and  Scharpf  1972) ,  little 
deductible  defect  was  associated  with  white  fir  {Abies  oonoolov  (Gord.  § 
Glend.)  Lindl.)  in  California  33  years  after  top-killed  by  the  tussock  moth. 
This  information  may  not  be  applicable  to  tree  species  in  the  Blue  Mountains, 
because  decay  varies  widely  between  regions  (Wagener  and  Davidson  1954) . 
Johnson  and  HadfieldV  examined  Douglas-firs  and  grand  firs  top-killed  by 
the  tussock  moth  during  an  epidemic  from  1963-65  in  the  Kings  Mountain  area, 
Burns  Ranger  District,  Malheur  National  Forest,  Oregon.    Their  sample  was 
too  small,  however,  to  apply  top-kill  and  associated  decay  information  to 
forest  management. 

Our  objectives  were  to  assess  the  impact  of  decay  entering  grand  fir 
and  Douglas -fir  through  tops  killed  by  the  tussock  moth  or  secondary  beetle 
attack  up  to  3  years  after  the  infestation  in  the  Blue  Mountains  ended. 
This  assessment  of  pathology  included  frequency  of  infection,  extent  of 
decay,  identification  of  decay  organisms,  and  development  of  equations  for 
use  in  estimating  the  amount  of  decay  associated  with  dead  tops . 


Methods 

SELECTION  OF  STUDY  AREAS  AND  TREES 

Grand  firs  and  Douglas -firs  with  dead  tops  evidenced  by  spike  (fig.  1) , 
bayonet  (fig.  2) ,  forked  (fig.  3) ,  or  crooked  (fig.  4)  tops  (Wickman  and 
Scharpf  1972)  were  selected  for  study  in  three  areas  in  the  Blue  Mountains 
known  to  have  been  severely  attacked  by  the  tussock  moth  in  the  past.  Nine 
localities  were  sampled  near  Fox  Prairie  and  Round  Mountain,  Umatilla 
National  Forest.    Sample  trees  were  selected  near  plots  which  were  installed 
to  study  damage  caused  during  the  1972-74  tussock  moth  infestation  (fig.  5) . 


—     Johnson,  David  W. ,  and  James  S.  Hadfield.    1975.    Defect  in 
Douglas- fir  and  grand  fir  top-killed  by  the  Douglas -fir  tussock  moth. 
USDA  For.  Serv. ,  Region  6,  Div.  of  State  and  Private  Forestry.  Mimeo, 
10  p. 


Figure  1. — A.  Grand  fir  with  3-year-old  dead  (spike)  top.  B.  Cross- 
sections  at  various  heights  in  the  same  tree  showing  associated  dis- 
coloration and  decay. 


Figure  2. — Bayonet  top  on  a  grand 
fir  resulting  from  death  of 
original  leader  by  tussock  moth 
defoliation.    Note  that  decay 
is  confined  to  the  dead  top. 
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Figure  3. — A.     Grand  fir  with  a  forked  top  caused  by  tussock  moth 
defoliation  9  years  ago.    B.    Cross-section  at  the  base  of  a  fork 
showing  the  buried  original  leader. 


Figure  4. — Cross-section 
at  a  crooked  top 
resulting  from  death 
of  the  original  leader 
due  to  tussock  moth 
defoliation.    The  crook 
occurred  when  a  lateral 
branch  gained  dominances 
thus  becoming  the  new 
top.    Note  the  decay 
associated  with  the 
old  broken  leader. 
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Many  trees  with  dead  tops  were  available  for  study  in  these  localities, 
therefore,  trees  were  selected  with  a  wide  range  of  ages,  diameters  at 
breast  height,  and  diameters  at  the  base  of  dead  tops. 

Sampling  took  place  at  eleven  localities  near  King  Mountain,  Malheur 
N.F.--the  site  of  a  1963-65  tussock  moth  outbreak.    Seven  stands  were 
sampled  near  Long  Meadows  Guard  Station,  Umatilla  N.F.  where  a  severe 
tussock  moth  infestation  occurred  from  1945  to  1947.    Past  salvage  logging 
had  removed  many  top-damaged  trees  in  the  two  older  infestation  areas. 
Trees  sampled  in  these  areas  were  usually  selected  as  encountered,  unless 
we  could  determine  by  observation  from  the  ground  that  a  dead  top  was 
caused  by  recent  bark  beetle  attacks. 

Dead  and  deformed  tops  of  sample  trees  were  examined  to  establish 
the  year  in  which  the  tops  were  killed  (Wickman  and  Scharpf  1972,  also 
see  footnote  1) in  order  to  attribute  the  probable  cause  of  death  to  defo- 
liation, secondary  insect  attack,  or  other  causes.    Since  trees  weakened 
by  defoliation  are  susceptible  to  attack  by  beetles  for  several  years 
(Wickman  1963) ,  tops  killed  by  secondary  insects  during,  or  within  3  years 
after  the  known  infestation,  were  considered  tussock  moth  damaged  (fig.  6) . 
An  exception  was  in  the  oldest  epidemic  in  the  Long  Meadows  area,  where 
trees  with  tops  killed  from  21-35  years  ago  (instead  of  26-31  years)  were 
considered  damaged  by  tussock  moth  defoliation.    The  age  range  for  this 
infestation  was  expanded  because  of  the  difficulty  and  probable  errors  in 
aging  older  dead  tops.    Some  of  the  most  recently  killed  tops  probably 
originated  during  a  spruce  budworm  outbreak  which  occurred  in  the  early 
1950's. 

In  the  Fox  Prairie  and  Round  Mountain  localities,  the  site  of  the 
most  recent  epidemic,  41  grand  fir  trees  with  dead  tops  associated  with 
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Figure  6. — Secondary  bark 
beetle  attack  of  grand 
fir  weakened  by  tussock 
moth  defoliation  in  the 
King  Mountain  infesta- 
tion from  1963-65. 


tussock  moth  defoliation  were  studied;  37  in  the  King  Mountain  area;  and 
only  14  in  the  Long  Meadows  area  (table  1) .    Trees  found  to  be  top-killed 
either  before  or  more  than  3  years  after  the  infestation  occurred  in  a 
given  locality  were  studied  for  comparative  purposes  (table  1) .  Top-killing 
in  these  trees  was  considered  to  be  caused  by  other  (unknown)  agents. 

TREE  DISSECTION  AND  MEASUREMENT 

Selected  trees  with  top- damage  were  felled  at  a  stump  height  of  1  foot 
and  dissected  into  16-foot  logs  to  a  top  d.i.b.  of  4  inches  for  cubic 

Table  1- -Numbers  of  grand  fir  study  trees  top-killed  before,  during 3  and  after 
three  Douglas- fir  tussock  moth  infestations  in  the  Blue  Mountains 


Trees 

with  tops  killed; 

Study 
locality 

Date  of 
tussock  moth 
outbreak 

Age  of 
top-kill 

Before 
outbreak 

Within  3 
years  after 
outbreak 

More  than 
3  years 
after 
outbreak 

Years 

■  -Number  -  -  ■ 

Fox  Prairie  and 
Round  Mountain 

1972-74 

2-5 

3 

41 

0 

King  Mountain 

1963-65 

8-13 

13 

37 

14 

Long  Meadows 

1945-47 

1 21-35 

6 

14 

21 

llo  be  considered  as  tops  killed  by  tussock  moths,  the  age  should  range 
from  26-31  years.  The  age  range  for  this  infestation  was  expanded,  however, 
because  of  the  difficulty  of  accurately  aging  older  dead  tops. 
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volume  measurement.    Board-foot  volumes  of  trees  11-in  d.b.h.  and  larger 
were  measured  to  a  top  d.i.b.  of  6  in.    Disks  were  cut  immediately  above, 
at  the  base  of,  and  below  the  damage.    Ring  counts  were  made  at  these 
points  to  determine  when  the  top  was  killed.    D.b.h.,  tree  age  at  stump 
height,  and  location  and  description  of  decay  indicators  were  noted  for 
each  tree.    Logs  were  dissected  further  to  measure  the  extent  of  decay 
associated  with  top-damage  or  other  indicators. 

We  recorded  the  type  of  top-damage  (i.e.  spike  top,  broken  top,  fork, 
crook,  etc.),  and  the  height  to  and  basal  diameter  of  the  killed  top. 
Also  recorded  was  the  length  of  the  dead  top,  the  length  and  diameter  of 
any  new  leaders,  the  year  of  top-kill,  the  extent  of  decay  below  and  above 
the  base  of  killed  tops,  and  the  presence  or  absence  of  secondary  insect 
attack. 

A  program  (PACUL)  was  developed  at  the  Pacific  Northwest  Forest  and 
Range  Experiment  Station  to  compute  volumes  of  trees  and  decays.  Cubic- 
foot  volumes  of  logs  and  decay  columns  were  calculated  by  the  Smalian 
formula.    No  arbitrary  cull  rules  were  used  in  cubic -volume  measurement. 
Gross  board- foot  volumes  of  logs  in  trees  11 -inch  d.b.h.  and  larger  were 
computed  by  the  Scribner  log  rule.    Board- foot  deductions  for  decay,  shake, 
and  frost  cracks  were  made  by  the  squared-defect  method.    In  board- foot 
measurements,  logs  more  than  two-thirds  defective  were  considered  totally 
cull. 


ISOLATION  AND  IDENTIFICATION  OF  DECAY  FUNGI 

Culture  blocks,  approximately  3  in3  (7.6  cm3)  in  size,  were  taken 
from  disks  cut  at  the  base  of  and  just  below  the  dead  top  in  most  trees. 
These  samples  were  always  taken  when  discoloration  or  decay  was  present. 
Additional  culture  blocks  were  taken  at  various  intervals  from  long  decay 
columns.    The  blocks  were  placed  in  plastic  bags  and  stored  in  an  ice  chest 
until  taken  to  the  laboratory. 

In  the  laboratory,  the  blocks  were  split  with  a  sterile  chisel,  and 
small  wood  chips  were  removed  from  freshly  exposed  discoloration  or  decay 
and  placed  on  2 . 5  percent  malt  agar  slants  in  culture  tubes .  Inoculated 
tubes  were  incubated  at  room  temperature. 

The  types  (hymenomycetes ,  fungi  imperfecti,  and  bacteria  and  yeasts) 
of  microorganisms  which  had  been  isolated  were  noted.    The  hymenomycetous 
fungi  were  identified  by  Frances  L.  Lombard,  Center  for  Mycology  Research, 
Forest  Products  Laboratory,  Madison,  Wisconsin. 


STATISTICAL  METHODS 

Regression  and  covariance  analyses  were  used  to  test  the  relationships 
between  cubic-  and  board- foot  decay  (as  a  percent  of  gross  merchantable 
tree  volumes)  and  top-kill  age,  base  diameter  of  dead  tops,  presence  of 
secondary  insect  attack,  and  to  derive  equations  which  can  be  used  to 
predict  the  extent  of  defect  associated  with  grand  fir  dead  tops.  The 
equations  were  used  to  tabulate  defect  as  (1)  percentages  of  gross 
merchantable  tree  cubic-foot  and  Scribner  board-foot  volumes,  and  (2)  ex- 


tent  of  decay  (length  of  decay  column)  below  the  base  of  dead  tops  by  age 
and  basal  diameter  of  killed  tops. 

Results  and  Discussion 

We  originally  planned  to  study  more  Douglas -firs  with  tussock  moth- 
killed  tops  than  we  did.    It  was,  however,  difficult  to  locate  Douglas-firs 
with  killed  tops,  at  least  in  the  areas  where  the  oldest  outbreaks  had 
occurred.    Furthermore,  when  Douglas-firs  with  killed  tops  were  located, 
we  found  very  little,  if  any,  associated  decay.    Apparently,  severely 
defoliated  Douglas-firs  were  killed  by  bark  beetles,  other  agents,  or 
had  been  logged.    Only  18  Douglas-firs  with  killed  tops  were  felled  and 
studied  in  the  three  areas  of  infestation.    Only  one  (7  percent)  of  14 
trees  top-killed  by  the  tussock  moth  was  infected  with  decay  fungi,  and 
less  than  1  percent  of  the  total  cubic-  or  board-foot  volume  was  lost  to  decay. 

Basic  data  for  149  grand  firs,  from  the  three  study  areas  with  tops 
killed  by  the  tussock  moth  and  by  other  agents ,  are  summarized  in  table  2 . 
Ninety- two  of  the  trees  were  considered  to  be  damaged  by  the  tussock  moth. 
Decay  associated  with  top-kill  caused  by  other  agents  in  each  area  of 
infestation  was  significantly  (P  =  <0.01)  greater  than  decay  associated 
with  tussock  moth-killed  tops,  probably  because  dead  tops  killed  by  other 
agents  were,  on  the  average,  older  and  had  larger  basal  diameters.  Decay 
volume  not  associated  with  killed  tops  was  also  significantly  greater  in 
grand  firs  top-killed  by  other  agents  than  by  the  tussock  moth  (table  2) . 


DECAY  IN  RELATION  TO  AGE  OF  TOP  KILL 

Decay  associated  with  top-damaged  trees,  regardless  of  cause,  was  not 
significantly  related  to  age  of  top-kill.    We  surmise  that  frequent  salvage 
logging  and  repeated  bark  beetle  attacks  in  the  two  older  (King  Mountain 
and  Long  Meadows)  epidemic  areas  removed  the  more  seriously  damaged  trees, 
thus,  our  sample  mainly  included  the  less  damaged,  less  defective  trees. 


DECAY  IN  RELATION  TO  DIAMETER  AT  THE  BASE  OF  DEAD  TOPS 

Cubic-  and  board- foot  decay  volumes  associated  with  dead  tops  of  grand 
firs  from  the  three  study  areas  combined,  regardless  of  cause  of  the  top- 
kill,  increased  significantly  (P  =  <0.05)  with  increasing  basal  diameter 
of  dead  tops  (table  3) .    The  same  relationship  held  for  trees  from  each 
individual  study  area.    Decay  volumes  were  negligible  in  trees  with  tussock 
moth-killed  tops  with  less  than  2-in  diameter  at  the  base  (fig.  7). 

Wickman  and  Scharpf  (1972)  found  no  decay  in  white  fir  trees  with 
killed  tops  less  than  8- in  diameter  in  the  Mammoth  Lakes  area  in  California. 
Decay  associated  with  tops  killed  by  other  agents  was  significantly  greater 
(P  =  <0.01)  than  that  associated  with  tops  killed  by  the  tussock  moth 
(tables  2  and  3) .    Diameter  at  the  base  of  dead  tops  can  be  useful  to 
estimate  the  volume  and  extent  of  associated  defect. 
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Figure  7. — A.     Grand  fir  with  tussock  moth-killed  top  (9  years  old)  with 
a  basal  diameter  less  than  2  in.    A  lateral  branch  has  become  the  new 
leader.     B.     The  buried  leader  is  discolored  but  not  decayed.  There 
is  no  discoloration  or  decay  in  the  new  leader. 


DECAY  IN  RELATION  TO  SECONDARY  INSECT  ATTACK 

Tops  killed  by  tussock  moth  defoliation  or  other  agents  and  also 
attacked  by  bark  beetles  and  wood  borers  had  high  incidences  of  infection 
by  fungi  and  decay  was  significantly  (P  =  <0.05)  more  extensive  than  in 
tops  killed  only  by  defoliation  (table  4) .    Apparently,  these  beetles  are 
vectors  of  decay  fungi  or  create  favorable  infection  sites  and  conditions 
for  decay.    In  all  study  areas,  decay  was  most  severe  when  both  bark 
beetles  and  wood  borers  attacked  dead  tops  (table  4) .    Bark  beetles  were 
associated  with  shallow  infections  of  the  outer  sapwood  and  wood  borer 
attack  with  infection  and  decay  deep  in  the  heartwood. 

A  high  proportion  (nearly  3/4)  of  trees  with  dead  tops  were  attacked 
by  bark  beetles,  either  primarily  or  secondarily  to  tussock  moth  defoliation 
(table  5).    Gallery  patterns  indicated  that  Scolytus  ventralis  Lec.  was  the 
bark  beetle  most  frequently  attacking  killed  tops.    More  study  trees  were 
attacked  by  bark  beetles  in  the  Fox  Prairie-Round  Mountain  (77.3  percent 
of  the  total  trees)  and  King  Mountain  (84.4  percent)  areas,  sites  of  the 
2-  to  5-  and  8-  to  13-year  epidemics,  respectively,  than  in  the  older  infes- 
tation area  at  Long  Meadows  (56.1  percent).    Wickman  (1978)  found  that  pro- 
portion of  dead  tops  attacked  by  bark  beetles  increased  with  age  of  tussock 
moth  infestation.    Results  in  our  study  probably  reflect  the  effects  of 
salvage  logging  in  the  Long  Meadows  area.    Severely  damaged  trees  have  been 
removed  in  logging  operations  which  have  frequently  occurred  in  this  area. 
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Bark  beetle  attack  was  not  restricted  to  dead  tops.    More  than  30  per- 
cent of  all  trees  with  dead  tops  were  attacked  by  bark  beetles  both  in  the 
dead  tops  and  in  patches  along  the  living  boles  (table  5) .    The  extent  of 
bark  beetle  attack  below  the  base  of  dead  tops  increased  with  age  of  top- 
kill  regardless  of  cause  (table  5) . 


FUNGI  AND  OTHER  MICROORGANISMS  ASSOCIATED  WITH  DECAY 

Slightly  more  than  85  percent  of  all  infections  and  more  than  76  percent 
of  the  total  cubic  decay  volume  associated  with  dead  tops  were  caused  by 
unidentified  fungi  (table  6) .    Attempts  to  isolate  decay  fungi  resulted 
mainly  in  isolation  of  imperfect  fungi  (61.9  percent  of  357  attempts)  and 
bacteria  or  yeasts  (20.2  percent).    Unidentified  hymenomycetes  (decay  fungi) 
were  isolated  in  3.4  percent  of  the  357  isolation  attempts  (table  6). 
Apparently,  imperfect  fungi  and  bacteria,  commonly  associated  with  bark 
beetles  and  probably  wood  borers,  are  much  faster  growing  on  culture  medium 
than  decay  fungi,  excluding  them.    Wickman  and  Scharpf  (1972)  also  had 
difficulty  in  isolating  decay  fungi  from  decay  (incipient)  associated  with 
white  fir  dead  tops.    Imperfect  fungi  and  bacteria  were  the  most  numerous 
microorganisms  isolated  from  discolorations  associated  with  dead  tops  of 
grand  fir  in  the  King  Mountain  area,  Burns  Ranger  District  (see  footnote 
Hadfield  1975) . 

Amylostereum  chailletii  (Pers.  ex  Fr.)  Boid. ,  Fomitopsis  pinioola 
(Swartz  ex  Fr.)  Karst.,  Echinodontium  tinotorium  Ell.  §  Ev. ,  Pholiota  sp., 
and  Stereum  sanguinolentum  (Alb.  $  Schw.  ex  Fr.)  were  isolated  from  decays 
associated  with  dead  tops  (table  6) .    The  most  extensive  decay  columns  were 
caused  by  F.  pinioola. 

The  Indian  paint  fungus,  E.  tinotorium,  decay  columns  may  have  resulted 
from  reactivation  of  dormant  infections  of  this  fungus  by  death  of  the  tree 
top  (Etheridge  et  al.  1976). 

Twenty- three  decay  columns  were  found  associated  with  infection  courts 
other  than  dead  tops.    Cause  of  decay  was  not  identified  in  nearly  40  per- 
cent of  these  columns.    Bacteria  or  yeasts  and  imperfect  fungi  were  the 
only  organisms  isolated  from  them.    The  Indian  paint  fungus,  E.  tinotorium, 
caused  slightly  more  than  30  percent  of  the  decay  columns ,  but  nearly  90 
percent  of  the  total  cubic  decay  volume.    Fomitopsis  annosa  (Fr.)  Karst. 
was  isolated  from  six  root  and  butt  rot  columns  in  the  study  trees. 

Many  additional  isolations  were  attempted  from  trees  that  did  not  have 
decay  or  discolorations,  other  than  wetwood,  associated  with  dead  tops. 
Most  of  these  attempts  did  not  yield  organisms.    Bacteria  or  yeasts  and 
imperfect  fungi  were  the  only  organisms  isolated  from  wetwood  (fig.  8)  and 
clear  wood.    Wickman  and  Scharpf  (1972)  and  Johnson  and  Hadfield  (see 
footnote  1)  had  similar  results  when  isolating  from  wetwood. 


ESTIMATING  DEFECT  ASSOCIATED  WITH  DEAD  TOPS 

Defect  factors  are  presented  as  a  guide  to  timber  cruisers  and  others 
interested  in  predicting  losses  from  decay  after  tussock  moth  infestations 
have  declined.    They  are  presented  as  percentages  of  gross  merchantable 
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Figure  8. — Cross-section  cut  from 
a  grand  fir  showing  wetwood 
associated  with  a  dead  top  and 
bark  beetle  attack. 


tree  cubic-foot  and  Scribner  board- foot  volumes  (tables  7,  8,  9,  11)  and 
average  extent  of  decay  below  the  base  of  dead  tops  (tables  10,  12).  Defect 
percentages  and  average  decay  extents  derived  from  regression  analysis  are 
tabulated  by  age  and  basal  diameter  of  dead  tops  (tables  8-12) .  Equations 
used  to  derive  the  tables  are  presented  in  table  footnotes.    If  the  equations 
are  to  be  used  in  a  computer  program,  consideration  must  be  given  to  the 
fact  that  defect  percentages  or  average  decay  extents  for  some  combinations 
of  age  and  basal  diameter  of  dead  tops  can  be  less  than  zero.    In  these 
cases,  provision  should  be  made  to  set  the  percentages  at  zero. 

Coefficients  of  determination  (R2)  or  the  amount  of  variation  in  percent 
decay  or  decay  extent  that  is  explained  by  the  variables  in  the  equations 
are  low  (tables  7-12,  footnote  1)  thus  values  predicted  by  the  equations  will 
often  be  of  low  accuracy  and  can  be  used  as  general  guidelines  only.  Type 
of  secondary  insect  attack  as  an  independent  variable  in  the  equations  would 
raise  coefficients  of  determination;  however,  in  practice,  this  variable 
would  not  be  useful  to  timber  cruisers  since  it  is  usually  necessary  to  fall 
and  dissect  trees  to  determine  the  type  of  secondary  insect  attack. 

Tables  7-9  were  developed  from  regression  analysis  of  data  for  trees 
top-killed  by  the  tussock  moth  or  by  secondary  bark  beetle  attack.  All 
trees,  regardless  of  cause  of  top-kill,  were  used  to  develop  tables  11-12. 
The  first  set  of  tables  (7-9)  or  equations  should  probably  be  used  to  pre- 
dict decay  extent  following  known  tussock  moth  infestations.    The  others 
(tables  10-12)  can  be  used  to  estimate  decay  extent  where  tops  are  killed 
by  any  agent. 

As  an  example,  volume  deductions  for  a  grand  fir  tree  top-killed 
(8  inches  at  the  base  of  the  dead  top)  by  the  tussock  moth  10  years  ago  are 
8.9  percent  of  gross  merchantable  cubic  volume  (table  7)  and  8.6  percent  of 
its  Scribner  volume  (table  8) .    Average  decay  extent  below  the  base  of  the 
dead  top  is  10 . 3  feet  (table  9) .    Similar  deductions  can  be  found  in 
tables  10-12  for  trees  with  tops  killed  by  other  agents. 
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Recommendations 

This  study  suggests  that  in  the  Blue  Mountains,  grand  firs  with  dead 
tops  having  basal  diameters  up  to  2  inches  will  be  practically  free  of 
associated  decay,  even  after  many  years.    Salvage  or  stand  improvement 
operations  should  concentrate  on  removing  trees  with  dead  tops  with  large 
(>2")  basal  diameters  to  reduce  future  decay  losses.    Defect  factors  re- 
ported here  will  be  useful  as  general  guidelines  to  timber  cruisers  and 
markers  in  the  Blue  Mountains.    They  should  not  be  relied  upon  in  other 
areas  where  top-kill  occurs  because  of  possible  variation  in  defect  extent. 

Secondary  bark  beetle  and  wood  borer  attack  in  dead  tops  greatly  in- 
creases decay  frequency  and  extent.    Studies  of  population  dynamics  of 
beetles  and  borers  in  weakened  trees  and  in  damaged  tops  are  needed.  We 
need  to  know  when  attacks  first  take  place,  how  long  they  last,  the  beetle 
populations,  and  the  identity  of  bark  beetles  and  wood  borers. 

We  and  others  studying  decay  associated  with  dead  tops  have  had  diffi- 
culty isolating  the  hymenomycetous  fungi  causing  decay.    Apparently,  faster 
growing,  imperfect  fungi,  bacteria,  and  yeasts,  probably  associated  with 
beetles,  exclude  the  decay  fungi  from  the  culture  media.    Studies  are  needed 
to  find:     (1)  antibiotics  to  suppress  the  growth  of  imperfect  fungi  and 
bacteria,  and  (2)  isolation  media  which  favors  growth  of  decay  fungi  over 
their  competitors. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:   Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation.  \ 

The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 


without  regard  to  race,  color, 


origin. 
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